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[57) ABSTRACT

In a message-transmitting station, a signal to be trans-
ferred is divided into a plurality of time slots, an error
correcting/detecting code is added to each time slot,
and a re-transmission sequence order number in unit of
messages, a re-transmission number and an address des-
ignating ID of a terminal device are added to a specified
time slot. Then, data of the time slots are transmitted
from the message-transmitting station to a message-
receiving station. In the message-receiving station, it is
determined whether or not any order number is missing,
by demodulating and decoding the data unit containing
the re-transmission sequence order number and the
address, and a re-transmission request signal is trans-
ferred in accordance with the result of the comparison
between the sequence number included in the demodu-
lated, decoded data unit and the sequence number re-
ceived last as an indication of the condition in which the
data in each data unit has reached the message-receiv-
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SIGNAL TRANSMISSION SYSTEM CAPABLE OF
PERFORMING RE-TRANSMISSION CONTROL IN
UNITS OF SLOTS

This application is a continuation-in-part of applica-
tion Ser. No. 07/584,354 filed Sep. 18, 1990, now aban-
doned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention essentially relates to a signal
transmission system and, more particularly, to a signal
transmission system for transferring long messages,
such as user packets, in a mobile communication system
whose transmission paths have relatively low reliability.

2. Description of the Related Art

Hitherto, various re-transmission control systems,
such as a Go-Back-N (GBN) system and a Selective-
Repeat (SR) system, have been proposed and actually
employed for the data-link layer protocol such as
HDLC (High-Level Data Link Control) or the like.

In the GBN system, a plurality of frames are transmit-
ted simultaneously, and all frames are transmitted again
even if any of the frames has failed to reach a receiving
station. In the SR system, a plurality of frames are trans-
mitted simultaneously, and only one or more of the
frames, which have failed to reach a receiving station,
are transmitted again to the station.

In a mobile transmission system having transmission
paths in which fading may occur and which are there-
fore unreliable, the failure rate of transferred words (or
control signals), which amounts to only about 10 bytes,
may be reduced to about 10—2 by using, for example,
error correcting codes. When data of about 2 kilobytes,
is transferred, however, the failure rate of data will be
0.86, if not affected by the failure rate determined for
each subsection of the mobile communication system.
Obviously, the mobile communication system has but
extremely low reliability.

In other words, the mobile communication system is
sufficiently reliable as long as re-transmission control is
performed on a relatively small amount of data, such as
control signals. However, when the re-transmission
control is performed on a large amount of data, such as
a user packet, the data signals must be transferred many
times, and many re-transmission request signals must be
transmitted from the receiving station. Consequently,
the transmission paths of the system become so “over-
crowded” that data can scarcely be transmitted through
them.

In order to avoid the overcrowding of the paths, a
great amount of data may be divided into small blocks,
and these data blocks may be transferred through the
paths under the conventional re-transmission control. If
this method is used, however, a transmission sequence
order number must be added to each data block. Fur-
ther, the ID number assigned to the mobile station to
which the data block is to be transferred must also be
added to the data block, particularly when the mobile
system includes many mobile stations. When an order
number and an ID number are added to each data block,
the operating efficiency of the mobile system decreases
inevitably.

Furthermore, if the conventional re-transmission con-
trol is applied in the mobile communication system, it
will be necessary to divide a message into blocks and
reconstruct it in accordance with the instruction of
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upper layers. Obviously, complex data-processing must
be performed in order to divide and reconstruct a mes-
sage.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide a new and improved signal transmission system
which can reliably transmit long messages, such as user
packets, even if the transmission paths used have rela-
tively low reliability.

The present invention is characterized in two re-
spects. First, the signals to be transferred are divided
into a plurality of time slots, and an error correcting-
/detecting code is added to each time slot. Second, use
is made of a signal including a re-transmission sequence
order number in unit of messages and a re-transmitted
slot number signal as a re-transmission request signal
and a message-transfer signal.

According to one aspect of the present invention,
there is provided a digital communication method of
transferring messages between a terminal device and a
central device, the method comprising the steps of:

dividing a signal to be transferred into a plurality of
time slots in a transmitting station;

processing an error correcting/detecting coding to
each time slot in the transmitting station;

transferring data including a re-transmission sequence
order number in unit of messages, re-transmission slot
number and an address designating ID of the terminal
device to a specified time slot as a re-transmission re-
quest signal and a massage-transfer signal added to a
signal processed by the processing step, in the transmis-
sion station;

determining whether or not any order number is
missing in a receiving station, by demodulating the time
slot containing the re-transmission sequence order num-
ber and the address;

transferring a re-transmission request signal from the
receiving station, in accordance with the determining
resultant and the condition in which each time slot has
reached the receiving station; and

re-transmitting at least one of any specified and all of
the time slots from the transmitting station in accor-
dance with the re-transmission request signal trans-
ferred from the receiving station.

According to another aspect of the invention, there is
provided a digital communication system for transfer-
ring messages between a terminal device and a central
device, the system comprising:

a message-transmitting station comprising:

a) means for dividing a signal to be transferred into a
plurality of time slots;

b) means for processing an error correcting/detecting
coding to each time slot divided by the dividing means;
and

c) means for transferring data including a re-transmis-
sion sequence order number in unit of messages, a re-
transmission slot number and an address designating ID
of the terminal device to a specified time slot as a re-
transmission request signal and a massage-transfer signal
added to a signal processed by the processing means;
and

a message-receiving station comprising:

a) means for demodulating the data transferred from
the message-transmitting station; and

b) means for determining whether or not any order
number is missing in the message-receiving station, in
accordance with the time slot containing the re-trans-
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mission sequence order number and the address and
demodulated by the demodulating means time slots, and
for transferring a re-transmission request signal, in ac-
cordance with the determining resultant and the condi-
tion in which each time slot has reached the message-
receiving station,

wherein the message-transmitting station further
comprises:

d) means for re-transmitting at least one of any speci-
fied and all of the time slots from the transmitting de-
vice in accordance with the re-transmission request
signal supplied from the receiving station

Additional objects and advantages of the invention
will be set forth in the description which follows, and in
part will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus-
trated presently preferred embodiments of the invention
and, together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 1 is a block diagram showing a station used as
cither as a terminal station or a central station in a mo-
bile communication system according to a first embodi-
ment of the present invention,

FIG. 2 is a diagram explaining the outline of a signal
structure used in the mobile communication system;

FIG. 3 is a diagram representing the format of a mes-
sage transfer signal and that of a re-transmission request
signal, both signals being used in the mobile communi-
cation system;

FIG. 4 is a flow chart explaining the operation of the
mobile communication system;

FIG. § is a block diagram illustrating the central
station and a terminal station, both incorporated in a
communication system according to a second embodi-
ment of the invention, and explaining how data is ran-
dom-accessed to the central station from the terminal
station;

FIG. 6 is a diagram showing the formats of two data
pieces which are transferred through two transmission
paths, respectively, between the central station and the
terminal station, both shown in FIG. §;

FIG. 7 is a diagram showing the format of data which
is re-transmitted under the SR re-transmission control;
and

FIG. 8 is a graph representing the throughput of a
signal transmission system according to the invention
and those of two conventional signal transmission sys-
tems.

FIG. 9 is a diagram illustrating transmission from a
central station to a terminal station in a TDM system,
and from a terminal station to the central station in a
TDMA system.

FIG. 10 is a diagram similar to FIG. 9, but for a
FDMA system.

FIG. 11is a block diagram illustrating a more specific
arrangement of the present invention.

FIG. 12 is a block diagram illustrating the structure
of a base station.

FIG. 13 is a block diagram illustrating the structure
of a movable station.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the presently
preferred embodiments of the invention as shown in the
accompanying drawings, in which like reference char-
acters designate like or corresponding parts throughout
the several drawings.

FIG. 1 is a block diagram showing a station used as
cither as a terminal station or a central station incorpo-
rated in a mobile communication system according to a
first embodiment of the present invention. As is shown
in FIG. 1, this station comprises a demodulating circuit
11, a decoding circuit 12, a receiving circuit 13, memory
circuit 14, a transmitting circuit 18, a coding circuit 16,
and a modulating circuit 17.

FIG. 2 shows the outline of a signal structure used in
the mobile communication system. The upper half of
this figure shows the message, which is comprised of
data W representing the format of the message, an ad-
dress field A, a control field C. a data field, and the like.
The lower half of FIG. 2 explains how the message is
divided into a plurality of data units having a predeter-
mined length, and how an error correcting/detecting
code (i.e. “check”) is added to each of these slots. As is
evident from FIG. 2, the first data unit consists of the
data W, the address field A and the control field C.
Nevertheless, the data W and the fields A and C can be
divided into two or more data units. Further, the mes-
sage can be bit-interleaved. Still further, the data units
can be set apart on the time axis, so that they may be
transmitted in the form of bursts.

FIG. 3 is a diagram representing the format of a mes-
sage transfer signal and that of a re-transmission request
signal, both signals being used in the mobile communi-
cation system. In other words, FIG. 3 is a detailed rep-
resentation of the upper half of FIG. 2. Shown in FIG.
3 are: a frame I which is the format used to transmit the
entire message to be transmitted; a frame I’ which is the
format used to transmit a data unit, i.e., a part of the
message; REJ (an abbreviation of REJect) which is the
format used to re-transmit the entire message; REJ' is
the format used to re-transmit a data unit, i.c., a part of
the message; and RR (Receive Ready) is the format
used to acknowledge the receipt of any data.

In each of the formats shown in FIG. 3, data W repre-
sents the configuration of the message, that is, the num-
ber of data units forming the message, the number of
valid bits constituting the last data unit (i.c., the Wth
data unit), and the like. As can be understood from FIG.
3, an error correcting/detecting code is added to the
first data unit which contains data W, an address field
A, etc. Instead, in order to achieve random access con-
trol, an error correcting/error detecting code can be
added to the data W only. This technique of adding the
code to the data W only is advisable when the data W
must be decoded in the central station as fast as is possi-
ble in order to prohibit the transmission of any other
signals or data during the transmission of the data W
which represents the number of data units constituting
the message.

In the embodiment shown in FIGS. 2 and 3, the same
error correcting/detecting code is added to any data
unit. Nevertheless, an error correcting/detecting code
of a greater magnitude can be added to the first data unit
since this data unit, which contains an address field and
a control field, is more important than any other data
unit.
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The address field A contains terminal-station ID data
for identifying a plurality of terminal stations. Also, it
contains ID data for setting a plurality of logic links
within each terminal station in order to achieve various
tasks such as signaling.

The control field C consists of signal ID data, a trans-
mission sequence order number N(S) of the message, a
reception sequence order number N(R) of the message,
a transmission sequence order number n(S) of the data
unit, and a reception sequence order number n(R) of the
data unit. The signal ID data consists of codes which
are used to identify the formats I, I, REJ, and REJ".

In the communication system a part of which is
shown in FIG. 1, GBN re-transmission control is car-
ried out in high level data link control (HDLC) proce-
dure, by using the number N(S) and the number N(R).
More specifically, to re-transmit data in units of mes-
sages, both numbers N(S) and N(R) are reset in the
transmitting station and also in the receiving station and
then are set to ““0.” The transmitting station transmits
the first message whose transmission sequence order
number is “0.” Thereafter, the number N(S) is continu-
ously incremented, each time by one, whereby the
transmitting station transmits the next messages, one by
one. The receiving station receives these messages
transmitted from the transmitting station. Every time

- the receiving station receives a message, it transfers the
format RR, representing the number N(R)=N(8)+1,
to the transmitting station, thereby acknowledging the
receipt of the message. Upon receipt of the format RR,
the transmitting station determines that the receiving
station has received any message having the reception
sequence order number less than the number N(R).
Hence, the message whose reception sequence order
number is less than the N(R) represented by the format
RR can be erased from the transmission buffer incorpo-
rated the transmitting station.

Should any frame I fail to reach the receiving station
due to the malfunction of the transmission path, the
transmission sequence order number N(S) of this frame
1 is missing in the receiving station. In this case, the
receiving station transfers the format REJ representing
the number N(S)+1 to the transmitting station. Upon
receipt of this format REJ, the station which is transmit-
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which has the number N(S)+ 1. In this way, the system
a part of which is shown in FIG. 1 performs re-trans-
mission control in data units of messages.

Furthermore, in the receiving station it is determined
whether or not the data units have been received, by
detecting the error correcting codes (CHECK) which
are respectively associated with data units as is shown in
FIG. 2. If all data units forming the message have been
received, it is determined that the message has reached
the receiving station. Should the first data unit fail to
reach the receiving station, then it is determined that the
entire message has not reached the receiving station. On
the other hand, if the first data unit has reached the
receiving station, but one or more of the following data
units have not, the receiving station sets the number
N(S) contained in the first data unit to N(R), the number
N(S) is set to the number N(R). Then, the receiving
station transfers, to the transmitting station, the format
REJY which represents the number n(R), where
n=k—1 (k is the serial number of the first of the data
unit not having reached the receiving station).

Upon receipt of the format REJY', the station which is
transmitting the frame I transmits the frame I' contain-
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ing the data unit corresponding to the format REJ". This
frame I’ is comprised of four parts: (1) the number N(S)
set in the control field C of the first data unit; (2) the
number N(R) of the format REJ’, replacing the number
N(S) of the first data unit; (3) the number n(R) of the
format REY’, replacing the number n(S) of the first data
unit; and (4) the re-transmitted data unit corresponding
to the first of the data unit not having reached the re-
ceiving station. The data field of the first data unit can
contain either dummy data or data identical to the data
which has reached the receiving station. The dummy
data or the data contained in the data field of the first
data unit can be used to correct errors, if any, in the first
data unit of the frame I'. In the receiving station, the
relationship between the frame I’ and the frame I, which
has not reached the station in its entirety, is determined
by the address and the number N(S), and the data unit
re-transmitted in the frame I' is combined with the data
unit transmitted in the first frame I, thereby reconstruct-
ing the whole message.

With reference to FIG. 1, it will now be explained
how a message is transferred from a terminal station to
the central station. Once the message is input to the
transmitting circuit 15 of the terminal station, the circuit
15 generates a frame I containing a number N(S) by the
method described above. The frame I is encoded by the
encoding circuit 16, then modulated by the modulating
circuit 17, and finally transmitted from the terminal
station to the central station.

In the central station, which has the same structure as
the terminal station, the demodulating circuit 11 de-
modulates the frame I, and the decoding circuit 12 de-
codes the demodulated frame I. The decoded frame I is
input to the receiving circuit 13. The circuit 13 analyzes
the address of the first data unit of the message, and
checks the number N(S) assigned to the address. More
precisely, the receiving circuit 13 determines whether
or not the number N(S) of the frame I is greater by one
than the number of N(S) of the frame I which has been
previously input to the circuit 13 at the same address. If
NO, the receiving circuit 13 supplies a re-transmission
request to the transmission circuit 15. If YES, and if the
central station has received all data units forming the
message, the circuit 13 outputs the message received,
and supplies the transmission circuit 15 with the data
representing the number N(R) which will be repre-
sented by a format RR. If YES, and if the central station
has not received any data unit other than the first, the
data units received are stored into the memory circuit
14, and the receiving circuit 13 supplies a re-transmis-
sion request to the transmitting circuit 15, so that the
data unit identified by a format REJ’ may be transmitted
again from the terminal station to the central station.
When the frame I' is transmitted from the terminal
station to the central station, the frame I is read from the
memory circuit 14 in accordance with the address and
number N(S) of the frame I'. Then, the data unit re-
transmitted in the frame I' is combined with the data
unit contained in the frame I read out of the memory
circuit 14, in accordance with the transmission sequence
order number n(S) of the data unit.

If there are data units which the central station has
not received yet, the receiving circuit 13 supplies re-
transmission requests, one after another, to the transmit-
ting circuit 15, whereby the data units are transmitted
again in the frame I’ from the terminal station to the
central station. When the central station receives all
data units of the message, the receiving circuit 13 com-
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bines these data units, thus reconstructing the message.
The message, thus reconstructed, is supplied from the
receiving circuit.

FIG. 4 is a flow chart explaining how the communi-
cation system, a part of which is shown in FIG. 1, oper-
ates to transfer one frame of data from one station to
another, i.e., for from the right to the left in FIG. 4. In
step 1, the transmitting station transfers the frame I
(N(S)=0) to the receiving station, and the receiving
station transfers the number RR (N(S)=N(S)+1=1)to
the transmitting station, upon receipt of the frame I
Then, in step'2, the transmitting station transfers the
frame 1 (N(S)=1) and the frame I (N(S)=2), one after
the other, to the receiving station. When the receiving
station receives both frames, it transfers the format RR
(N(R)=13) to the transmitting station, thereby acknowl-
edging the receipt of both frames representing numbers
N(S)=1 and N(S)=2. In the next step, i.c., step 3, the
transmitting station transfers two frames 1 (N(S)=3)
and I (N(S)=4). Assuming that the receiving station
receives only the latter frame I (N(S)=4), the receiving
station transfers the format REJ (N(S)=3) again to the
transmitting station, thus the requesting re-transmission
of the frame I (N(S)=3). The communication proce-
dure performed thus far is identical to the ordinary
HDLC. '

In step 4, the transmitting station transfers the frame
1 (N(S)=13) again. If the second and third data units fail
to reach the receiving station, the receiving station
transfers the format REJ' representing the numbers
N(R)=3 and n(R)=2, thus requesting the re-transmis-
sion of the second and third data units. Hence, in step 5,
the transmitting station ' transmits again frames
I'(N(R)=3) and I'(n(R) =2) to the receiving station, and
then transmits also the frame I(N(S)=4) again. Upon
receipt of the three frames I'(N(R)=3), I'(n(R)=2), and
I(N(S)=4), the receiving station transfers the format
RR representing the number N(R)=35 to the transmit-
ting station. Hence, in the receiving station it is deter-
mined that the frames up to the frame I(N(S)=4).

FIG. § is a block diagram illustrating the central
stations and one of the terminal station, all incorporated
in a communication system according to a second em-
bodiment of the invention. As is shown in FIG. 5, the
central station comprises a demodulating circuit 501, a
decoding circuit 502, a receiving circuit 503, memory
circuit 504, a transmitting circuit 505, an encoding cir-
cuit 506, a modulating circuit 507, and an indication
control circuit 508. The terminal station comprises a
demodulating circuit 511, a decoding circuit 512, a
receiving circuit 513, a memory circuit 514, a transmit-
ting circuit 515, an encoding circuit 5§16, a modulating
circuit 517, and a transmission control circuit 518.

FIG. 6 is a timing chart showing the formats of two
data pieces which are transferred through two transmis-
sion paths, i.e., the upward link and the downward link,
respectively, between the central station and the termi-
nal station, both shown in FIG. 5. A downward link
refers to signal transmission from the central station to
a terminal station, and an upward link refers to signal
transmission from a terminal station to the central sta-
tion. A plurality of terminal stations send messages to
one central station by utilizing the same frequency with
the FDMA (frequency domain multiple access) system
or by utilizing both the same frequency and data unit for
the TDM (time domain multiple) or TDMA (time do-
main multiple access) systems. FIG. 6 explains how data
is received by the central station of the communication
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8
system according to the second embodiment of the
invention.

As can be understood from FIG. 6, the data to be
transmitted through the downward link from the cen-
tral station to the terminal station is divided into a plu-
rality of data units. Each of the data units contains two
indication signals 1/B and R/N. The signal 1/B is trans-
mitted from the central station to the terminal station,
informing whether or not the data unit can be transmit-
ted to the terminal station. The I signal indicates that
the data unit can be transmitted, whereas the signal B
indicates that the data unit cannot be transmitted. The
signal R/N is transmitted from the central station to the
terminal station, informing whether or not the central
station has received any data unit from the terminal
station; the signal R indicates that the central station has
correctly received the data unit, whereas the signal N
shows that the central station has not received the data
unit.

The upward link is used to transfer messages from the
terminal station to the central station, more precisely,
every third data unit of each message, with a pause
between every two adjacent data units transferred as is
shown in FIG. 6. The 1/B signal contained in any data
unit being transferred through the upward link, and the
signal R/N contained in the immediately preceding data
unit already transferred via the upward link are identi-
cal to those contained in the data unit already trans-
ferred via the downward link to the terminal station.

In the terminal station (FIG. 5), the signals I/B and
R/N, both demodulated by the demodulating circuit
511 and decoded by the decoding circuit 512, are sepa-
rated from each other and then input to the transmission
control circuit 518. To transmit a message to the central
station, the transmitting circuit 515 adds a transmission
sequence order number N(S) to the message. The mes-
sage is then encoded by the encoding circuit §16. The
transmission control circuit $18 supplies the data units
forming the encoded message, in accordance with the
1/B signal supplied from the decoding circuit 5§12. That
is, the circuit 518 supplies a data unit to the modulating
circuit 517 if the circuit 518 has received the data unit
while receiving the signal I from the decoding circuit
512.

Any data unit output from the modulating circuit 517
is transmitted to the central station through the upward
link. In the central station ( FIG. 5), the data unit is
demodulated by the demodulating circuit 501 and then
decoded by the decoding circuit 502. The data W repre-
senting the number of the data units forming the mes-
sage is input to the indication control circuit 508. Also,
the data showing the condition, in which the central
station has received the message, is input to the circuit
508. The indication control circuit 508 outputs a signal
R/N to the encoding circuit 506. When the circuit 508
receives the (W-1)th data unit of the message, where W
is the number of the data units constituting the message,
it outputs a signal B, thus inhibiting any other terminal
station from transmitting messages to the central sta-
tion, so that the message being transmitted through the
upward link may be protected against collision with
other messages.

In the central station, the receiving circuit 503 checks
the number N(S) and the like. Upon receipt of all data
units constituting the message: the circuit 503 outputs
the message. The circuit 503, the memory circuit 504,
and the transmitting circuit 505 operate in the same way
as their counterparts shown in FIG. 1.
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The receipt of an data unit transmitted through the
upward link can be detected and indicated, the terminal
station can re-transmit the message in units of frames I',
or data units, before receiving a frame REJ’, i.e,, a re-
transmission request, from the central station. Also, the
terminal station can stop transmitting the message the
moment it is detected that the first frame I has failed to
reach the central station. Therefore, unnecessary trans-
mission can be minimized in the case where the message
is re-transmitted in units of data units by the GBN
method.

With reference to FIG. 6, it will now be explained
how the frame I (W =5) is transmitted from the terminal
station to the central station. First, it is determined from
the 1/B signal that the frame I can be transmitted to the
central station. Next, the terminal station starts trans-
mitting the frame I(N(S)=0). After the second data unit
et seq. have been transmitted, the 1/B signal =*“B”, and
the R/N signal=“R,” and it is determined that the
central station has received the second data unit et seq.
Hence, the terminal station transmits the other data
units to the central station. Assuming that the fourth
data unit fails to reach the central station, the central
station transfers a signal I/B which is “I”” indicating that
the data unit not received is the last one, and a signal
R/N which is “N” indicating that the data unit has not
been received. Upon receipt of the 1/B and R/N signals,
the terminal station does not transmit the fifth data unit.
When the terminal station receives a signal 1/B which is
“I” some time later, it is determined that data units can
be transmitted to the central station. Hence, the termi-
nal station starts transmitting frames I'(N(S)=0) and
I'(n(S)=4), thus re-transmitting two data units whose
re-transmission sequence order numbers are “4” and
"5 :

In this instance, data units are not protected from
collision with any other data unit if the terminal station
receives a signal I/B which is “B” indicating that any
data unit has failed to reach the central station. Rather,
transmission of data units from another terminal station
is allowed, and the terminal station begins to re-transmit
the data units upon receipt of a signal I/B which is “L.”
In the case where data units transmitted in the form of
bursts due to their fading interrelationship fail to reach
the central station, another re-transmission technique
can be more effective in which the data units are set
apart on the time axis. If data units fail to reach the
central station at random, the central station transfers
signals B and N even if it does not receive the entire
message. As a result of this, the terminal station can
re-transmit the frames I'(N(S)=0) and I(n(S)=4), while
the other terminal stations are prohibited from transmit-
ting data units to the central station.

The above description is based on the assumption that
the terminal station re-transmits some of the data units
forming a message under the GBN re-transmission con-
trol. Nevertheless, efficient transmission of messages
can also be accomplished if data units are re-transmitted
under the RS re-transmission control. FIG. 7 is a dia-
gram showing a format of data to be re-transmitted
under the SR control. The format shown in this figure
is different from that shown in FIG. 3 in two respects.
First, the frame I’ contains a number of transmission of
data units, K, and also contains numbers ni(s) . . . nx{(s)
instead of the number n(S), which is the first number of
retransmission data units. Second, the frame REJ’ con-
tains a number of retransmission data units K, and also
contains numbers nj(R) . . . ni(R) instead of the number
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n(R), which is the first number of the retransmission
data units. Except for the use of different data format,
the SR re-transmission control is the same as the GBN
re-transmission control. When the SR control is ap-
plied, the number of fields required increases in propor-
tion to the number of data units which must be re-trans-
mitted. When the number of data units exceeds a prede-
termined value, the re-transmission control can be
switched to the GBN control. In other words, in the
present invention, the SR control and the GBN control
can be applied in combination.

In the case of the GBN re-transmission control, some
data units following any data unit failing to reach the
central station may be transmitted thereto even if the
the format REJ’ has been transferred to the central
station, requesting inhibition of transmission of data
units. Nonetheless, the data units transmitted to the
central station can be combined with the signals re-
transmitted from the central station, thereby to achieve
a more efficient transfer of a message. More specifically,
any data unit which has reached the central station
when transmitted for the first time, but failed to reach
when re-transmitted, is not discarded even in the GBN
re-transmission control, thus enhancing the reliability of
the communication system by reducing the times data
units are re-transmitted from the terminal station to the
central station.

The above description is concerned with the tech-
nique of determining the receipt or failure of each data
unit in accordance with a error correcting/detecting
code. Instead, the receipt or failure can be determined
in accordance with other criterion, such as the level of
signals received or the contents of data received,
though the results are somewhat less correct.

In the embodiments described above, the frame I
contains no numbers N(R). Nevertheless, a frame 1
containing a number N(R) can be transferred as in the
HDLC, thus replacing the transfer of the format RR.
Further, instead of using two fields for the frame I and
ID data, respectively, one bit can be used to identify a
frame 1, and the other data can be of the same format as
that used in the HDLC. Still further, all other functions
of the HDLC can be applied to the present invention.

To prevent the communication system from becom-
ing complex, the data re-transmission in units of data
units can be applied to only messages which consists of
more data units than a predetermined number. More-
over, each terminal station need not be designed to
re-transmit messages in units of data units. Even if the
terminal station cannot re-transmit messages in units of
data units, signals can be transferred between the termi-
nal station and the central station, provided that the
terminal station can reads REJ’ as REJ. Thus, the com-
munication system according to the invention can com-
prise not only high-performance terminal stations, but
also low-performance terminal stations which may be
used by users who need not send long messages.

As has been described, the signal transmission system
of the present invention is characterized in that a long
message is divided into a plurality of data units in a
transmitting station, so that the re-transmitted portion
of the message is controlled in the units of data units.
Thus, it is possible to transmit long messages efficiently
through transmission paths eve if the paths have low
reliability. Further, the system can transmit messages
with sufficient efficiency. This is because, so many
fields, as is required in the conventional system wherein
each message is divided into units smaller than data
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units and is re-transmitted unit by unit, need not be
added to each message so that the message may contain
addresses and other data items required for the re-trans-
mission control.

FIG. 9 shows the case where the transmission from
the central station to a terminal station is structured as a
3-channel TDM (time domain multiple) system and
where the transmission from the terminal station to the
central station is structured as a 3-channel TDMA (time
domain multiple access) system. In the systems shown
in FIG. 9, one of the three channels (i.e., slot 0) is used
for communication, and the transmission timings are
determined by slots in accordance with a data unit
length.

The reference symbols “W”, “A”, “C” and “CK” in
FIG. 9 denote the following:

W:the number of data units constituting a message;

A:an address display area for identifying a transfer des-
tination terminal (i.c., a terminal to which a message
is addressed);

C:

(a) a signal type display area for indicating the type of

a message transfer frame;

(b) a message sequence number display area

(c) a data unit number display area

CK:an error detecting/correcting code bit used for the
transmission in a radio interval

The reference symbols “W”, “A”, “C” and “CK” in
FIG. 10 also denote the same as above.

FIG. 10 shows an FDMA (frequency domain muiti-
ple access) system, wherein transmission timings are
determined by data units in accordance with a data unit
length.

FIG. 11 discloses specific structures for carrying out
the present invention. When a message is transmitted,
the frame forming circuit 155 attached “W, A, signal
identification data and N(S)” (“N(S) and n(S)”; or
“N(R) and n1(R) . . . nk(R)”) to the message, so as to
form frame I or I'.

When the retransmission of a message is requested,
the frame forming circuit is informed of “N(R)” (*N(R)
and n(R)”, or “N(R) and ni(R) . . . nk(R)”) from the
error determination circuit of the reception processor.
Based on the information, the frame forming circuit
reads out either the entire message or designated data
units from the memory circuit of the transmission sec-
tion, and attaches W, A, signal identification data and
N(S)”(**N(S) and n(S)”; or “N(R) and n1(S) . . . nk(S)”)
to the message, so as to form frame I or I'.

In the case of a response signal to message transmis-
sion:

(1) To inform correct reception of a message, the
frame forming circuit forms an RR frame in accordance
with “W, A, signal identification data and N(R)”.

(2) To request the retransmission of the entire mes-
sage, the frame forming circuit forms an REJ frame in
accordance with “W, A, signal identification data and
NR)”.

(3) To request the retransmission of particular data
units, the frame forming circuit forms an REJ’ frame in
accordance with “W, A, signal identification data N(R)
and n(R)” (or “N(R) and n1(R) . . . nk(R)").

Frame dividing circuit 15a divides a frame formed by
the frame forming circuit 15b into data units of prede-
termined length.

In order to cope with the retransmission of a trans-
mission message, the frame dividing circuit 15z causes
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the memory circuit 15¢ of the transmission section to
store the entire message in units of one data unit.

In order to cope with the retransmission of a trans-
mission message, the memory circuit 15¢ stores, in units
of one data unit, the entire message supplied from the
frame dividing circuit 15a.

The entire message which has been correctly trans-
mitted to the message-receiving station is erased from
the memory circuit 15¢ when the information indicating
the correct reception of the message is supplied from
the error determination circuit 13a of the signal recep-
tion processor.

Error correcting/encoding circuit 16 performs error
correction and encoding in units of one transmitted data
unit. '

Modulation circuit 17 modulates signals.

The antenna transmits or receives radio signals.

Demodulation circuit 11 demodulates signals.

Error correcting/decoding circuit 12 performs error
correction and detection, and the data unit identified
thereby is supplied to the error determination circuit
13a.

Error determination circuit 13g determines the num-
ber identifying a data unit that has been incorrectly
received or has not been received, and informs the
frame forming circuit 154 and the memory circuit 15¢ of
the transmission section of a message order number and
a data unit number, so as to request the retransmission of

the data unit.

The error determination circuit 13a causes data units,
which have been correctly received, to be stored in the
memory circuit 14 of the reception section, along with
the related message order numbers and data unit num-
bers.

Memory circuit 14 of reception section stores cor-
rectly-received data units, the message order numbers,
and data unit numbers which are supplied from the
error determination circuit. When all data units consti-
tuting one message have been received, they are sup-
plied to the message preparing circuit 13b.

The message whose data units have been correctly
received is read out by message preparing circuit 135
from the memory circuit 14 of the reception section,
and the information portion of that message is trans-
ferred as a reception message.

FIG. 12 illustrates the structure of a base station,
while FIG. 13 illustrates the structure of a movable
station. The function of each structural element shown
in new FIG. 12 is explained as follows.

When a message is transmitted, the frame forming
circuit 50556 attaches “W, A, signal identification data
and N(S)” (“N(S) and n(S)”; or “N(R) and
n1(R)—nk(R)”) to the transmission message, so as to
form frames I and I'.

When the retransmission of a message is requested,
the frame forming circuit is informed of “N(R)” and
(“N(R) and n(R)"”; or “N(R) and n1(R) . . . nk(R)”) from
the error determination circuit of the reception proces-
sor. Based on the information, the frame forming circuit
reads out either the entire message or designated data
units from the memory circuit 505¢ of the transmission
section, and attaches “W, A, signal identification data
and N(S)”(“N(S) and n(S)"; or “n1(S) . . . nk(8)”") to the
message, so as to form frames I and I'.

In the case of a response signal to message transmis-
sion:
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(1) To inform correct reception of a message, the
frame forming circuit forms an RR frame in accordance
with “W, A, signal identification data and N(R)".

(2) To request the retransmission of the entire mes-
sage, the frame forming circuit forms an REJ frame in
accordance with “W, A, signal identification data and
NR)".

(3) To request the retransmission of particular data
units, the frame forming circuit forms an REJ’ frame in
‘accordance with “W, A, signal identification data, N(R)
and N(R)” (or “N(R) and n1(R) . . . nk(R)”).

Frame dividing circuit 505a divides a frame formed
by the frame forming circuit 505 into data units of
predetermined length. In order to cope with the retrans-
mission of a transmission message, the frame dividing
circuit 5052 causes the memory circuit 505¢ of the trans-
mission section to store the entire message in units of
one data unit.

In order to cope with the retransmission of a trans-
mission message, the memory circuit 505¢ stores, in
units of one data unit, the entire message supplied from
the frame dividing circuit. The entire message which
has been correctly transmitted to the message-receiving
station is erased from the memory circuit 505¢, when
the information indicating the correct reception of the
message is supplied from the error determination circuit
503a of the signal reception processor.

Error correcting/encoding circuit 506 performs error
correction and encoding in units of one transmitted data
unit.

Modulation circuit 507 modulates signals.

The antenna transmits or receives radio signals.

Demodulation circuit 501 demodulates signals.

Error correcting/decoding circuit 502 performs
error correction and detection, and the data unit identi-
fied thereby is supplied to the error determination cir-
cuit 5032 and the notification control circuit 508a.

Error determination circuit 503z determines the num-
ber identifying a data unit that has been incorrectly
received or has not been received, and informs the
frame forming circuit 5055 and the memory circuit 505¢
of the transmission section of a message order number
and a data unit number, so as to request the retransmis-
sion of the data unit.

The error determination circuit 503¢ causes data
units, which have been correctly received, to be stored
in the memory circuit 504 of the reception section,
along with the related message order numbers and data
unit numbers.

When it is determined on the basis of an output of the
error correcting/decoding circuit 502 that a preceding
data unit has been correctly received, the notification
control circuit 508q sets “R” in the “R/N” (Reception/-
Non-Reception) field. On the other hand, when it is
determined that the preceding data unit has not be re-
ceived or has been incorrectly received, the notification
control circuit sets “N” in the “R/N” field.

The notification control circuit 508a sets “I” in the
“I/B” field, when it is determined that a preceding data
unit has not been received or has been incorrectly re-
ceived. The notification control circuit also sets “I” in
the “1/B” field, when it is determined that W data units
have been correctly received. If it is required that the
st to (W - 1)th data items of one message be transmit-
ted, “B” is set in the “I/B” field, so as to present trans-
mission from another movable station.

Memory circuit 504 of reception section stores cor-
rectly-received data units, the message order numbers,
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and data unit numbers which are supplied from the
error determination circuit 503a.

When all data units constituting one message have
been received, they are supplied to the message prepar-
ing circuit 5035. The message whose data units have
been correctly received is read out by message prepar-
ing circuit 5036 from the memory circuit 504 of the
reception section, and the information portion of that
message is transferred as a reception message.

The function of each structural element shown in
new FIG. 13 is explained as follows.

When a message is transmitted, the frame forming
circuit 515b attaches “W, A, signal identification data
and N(S)” (“N(S) and n(S)’; or “N(R) and ni(R). .
nk(R)”) to the transmission message, so as to form
frames I and I'.

When the retransmission of a message is requested,
the frame forming circuit is informed of “N(R)” (“N(R)
and n(R)”; or “N(R) and n1(R) . . . nk(R)”) from the
error determination circuit 5132 of the reception pro-
cessor. Based on the information, the frame forming
circuit 515b reads out either the entire message or desig-
nated data units from the memory circuit of the trans-
mission section, and attaches “W, A, signal identifica-
data and N(S)’(“N(S) and n(S)’; or
“n1(S)—nk(S)”) to the message, so as to form frames I
and I'. '

In the case of a response signal to message transmis-
sion:

(1) To inform correct reception of a message, the
frame forming circuit forms an RR frame in accordance
with “W, A, signal identification data and N(R)”.

(2) To request the retransmission of the entire mes-
sage, the frame forming circuit forms an REJ frame in
accordance with “W, A, signal identification data and
N(R)”.

(3) To request the retransmission of particular data
units, the frame forming circuit forms an REJ’ frame in
accordance with “W, A, signal identification data, N(R)
and N(R)” (or “N(R) and n1(R) . . . nk(R)").

Frame dividing circuit 515a divides a frame formed
by the frame forming circuit 5155 into data units of
predetermined length. In order to cope with the retrans-
mission of a transmission message, the frame dividing
circuit 5154 causes the memory circuit 515¢ of the trans-
mission section to store the entire message in units of
one data unit.

In order to cope with the retransmission of a trans-
mission message, the memory circuit 515¢ stores, in
units of one data unit, the entire message supplied from
the frame dividing circuit. :

The entire message which has been correctly trans-
mitted to the message-receiving station is erased from
the memory circuit 515¢ when the information indicat-
ing the correct reception of the message is supplied
from the error determination circuit 513a of the signal
reception processor.

Error correcting/encoding circuit 516 performs error
correction and encoding in units of one transmitted data
unit.

Modulation circuit 517 modulates signals.

The antenna transmits or receives radio signals.

Demodulation circuit 511 demodulates signals.

Error correcting/decoding circuit 512 performs
error correction and detection, and the data unit identi-
fied thereby is supplied to the error determination cir-
cuit 513z and the notification control circuit 518.
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Error determination circuit 513 determines the num-
ber identifying a data unit that has been incorrectly
received or has not been received, and informs the
frame forming circuit $15b and the memory circuit 515¢
of the transmission section of a message order number
and a data unit number, so as to request the retransmis-
sion of the data unit.

The error determination circuit causes data units,
which have been correctly received, to be stored in the
memory circuit 514 of the reception section, along with
the reiated message order numbers and data unit num-
bers.

Transmission control circuit 518 controls transmis-
sion in accordance with the state of the “I/B” field
notified by the base station. When it receives “I”, the
transmission can be started. When it receives “B”, trans-
mission of the data which is being transferred can be
continued, but transmission of new data cannot be per-
formed. When “N” is set to “R/N", the transmission is
inhibited.

Memory circuit 514 of reception section stores cor-
rectly-received data units, the message order numbers,
and data unit numbers which are supplied from the
error determination circuit 513a. When all data units
constituting one message have been received, they are
supplied to the message preparing circuit 5135. The
message whose data units have been correctly received
is read out by message preparing circuit 5135 from the
memory circuit of the reception section, and the infor-
mation portion of that message is transferred as a recep-
tion message.

FIG. 8 is a figure representing the throughput pro-
vided by the signal transmission system of the invention
which performs the SR re-transmission control in units
of data units, the throughput obtained by a conventional
systems which performs the S re-transmission control in
units of long messages, and the throughput obtained by
a conventional system which performs the SR re-trans-
mission control in units of three data units. The term
“throughput” means ratio of the time of using the chan-
nel to receive all valid data except overhead such as
addresses, to all the time during which the channel is
occupied, in the case where every message consists of
100 data units one of which is the overhead such as
addresses. As is evident from FIG. 8, the system ac-
cording to the invention provides a greater throughput
than either conventional system, over the entire range
of rate of failure of data units.

20
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45

As is known, the transmission paths of a mobile com- -

munication system are insufficiently reliable when a
mobile station communicating with the central station is
far from the central station. They are fairly reliable
when the mobile station happens to be close to the
central station. In other words, their reliability vary in
accordance with the distance between the central sta-
tion of the mobile station. In the signal transmission
system of the present invention, data having but a little
overhead is transmitted with high efficiency when the
transmission paths are sufficiently reliable, making it
unnecessary to re-transmit data, and performs re-trans-
mission control in smaller units of data, thus minimizing
the necessity of re-transmission, when the transmission
paths have relatively low reliability.

As has been described, the present invention is char-
acterized in that a long message is divided into a plural-
ity of data units in a transmitting station, so that the
re-transmitted of the message is controlled in units of
data units. Thus, long messages can be efficiently trans-
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mitted through transmission paths even if the paths
have low reliability. Further, messages can be transmit-
ted with high efficiency since so many fields, as is re-
quired in the conventional system wherein each mes-
sage is divided into units smaller than data units and is
re-transmitted unit by unit, need not be added to each
message so that the message may contain addresses and
other data items required for the re-transmission con-
trol.
Additional embodiments of the present invention will
be apparent to those skilled in the art from consider-
ation of the specification and practice of the present
invention disclosed herein. It is intended that the speci-
fication and examples be considered as exemplary only,
with the true scope of the present invention being indi-
cated by the following claims.
What is claimed is:
1. A signal transmission system for use in a digital
communication system wherein a message is transferred
between a central station and a terminal station, with
one of said central and terminal stations serving as a
message sender and the other as a message receiver at a
given time, said system comprising:
means in said message sender for providing a message
transfer signal (I') used for transmission of a mes-
sage by the message sender and which includes: a
sequence number N(S) for controlling retransmis-
sion performed in units of one message, a sequence
number n(S) for controlling retransmission per-
formed in units of one data unit, and an identifica-
tion code (ID) of a terminal station;
means in said message sender for providing a retrans-
mission request signal (REJ') used for requesting
retransmission of data units by the message re-
ceiver and which includes: a sequence number
(N(R))) for controlling retransmission performed
in units of one message, a sequence number (n(R))
for controlling retransmission performed in units of
one data unit, and an identification code (ID) of a
terminal station;
means in said message sender for dividing a message
into a plurality of said data units, encoding each of

* the data units for use by the message receiver to
detect and correct errors included therein, if any,
and sequentially retransmitting the plurality of data
units of said message; and

means in said message receiver for receiving the mes-

sage, decoding each of the plurality of data units
thereof while detecting and correcting errors in-
cluded therein, if any, and determining whether the
message has been correctly received;

wherein said message receiver includes control

means for first checking the plurality of data units
of the message by examining the sequence number
(N(S)) for controlling retransmission performed in
units of one message, the terminal station identifica-
tion code (ID), and a result of determining whether
said message has been correctly received, and
when transmitting to the message sender a retrans-
mission request signal (REJ’) such that the retrans-
mission request signal (REJ’) includes: & sequence
number (n(R)) for controlling retransmission per-
formed in units of one or more messages, and a
sequence number (n(R)) used for controlling re-
transmission performed in units of one or more data
units; and

wherein said message sender, to which the retrans-

mission request signal (REJ') is transmitted, in-
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cludes retransmission means for first checking the
retransmission request signal (REJ’) and then start-
ing retransmission of either an entire message in
accordance with the sequence number (N(R)) used

for controlling retransmission performed in units of 3

one or more messages, and one or more data units
in accordance with the sequence number (n(R))
used for controlling retransmission performed in
units of one or more data units.

a second setting means for setting at regular intervals
an (R/N) field on a signal transmitted from the
message receiver, said (R/N) field representing a
state of whether or not a data unit transmitted by

18

a receiving means for receiving said R/N fields;
and

a second sending means for sending the next data
unit when the received bit pattern is R and a
message is still being sent, and for inhibiting itself
from sending data slots after the next data unit
when the received bit pattern is N,

wherein a message signal and data units are sent in
accordance with the information regarding said

2. The signal transmission system according to claim 10 fields (I/B, R/N) that indicates the states of the
1, which has a terminal station as said message sender I/B or R/N field sent from said message re-
and a central station as said message receiver, ceiver.

said message receiver includes: 3. A signal transmission system according to claim 1,

a first setting means for setting an I/B field on a __ wherein:

signal transmitted from said message receiver at 1 the control means of said message receiver examines
regular intervals, in order to inform said message the sequence number (N(S)) used for controliing
sender whether or not said message sender can retransmission performed in units of at least one
send a next signal; and message, the terminal station identification code
a comparing means for comparing the number W (D), and a result of determining whether said
of data units comprising message signals in a 20 message has been correctly received so that, in the
signal from said message sender with the number case where the sequence number (N(S)) is not +1
A of data units which have been received, larger than a last-received sequence number (N(S),
wherein: said control jeans transmits to the message sender
where W> A, there still exists data units to be 25 said retransmission request signal (REJ) such that
transferred, so that the I/B field is made to the retransmission request signal (REJ) includes a
have a bit pattern that indicates a busy (B) sequence number (N(R)) used for controlling re-
state, and inhibiting terminal stations from transmission performed in units of at least one mes-
performing message transmission, except for a sage and, in the case where the sequence number
terminal station that is presently performing 30 (N(S)) is +1 larger than the 1st-received sequence
message transmission, and allowing only the number (N(S)) but the received data units include
terminal station that is presently performing an incorrectly-received data unit, said control
message transmission to continue the message means transmits to the message sender a retransmis-
transmission, and sion request signal (REJ) such that the retransmis-
where a signal is not received at said message 35 sion request signal (REJ’) includes: a sequence
receiver, or W=A, the message sender can number (n(R)) used for controlling retransmission

start transmitting a new message signal at the performed in units of at least one data unit; and
next transmission timing, so that the 1/B field wherein, if said message sender receives the retrans-
is made to have a bit pattern that indicates an mission signal (REJ’) including the sequence num-
idle (I) state, thereby allowing the message 45 ber (N(R), n(R)), the retransmission means of said
sender to start transmission of the new mes- message sender retransmits at least one data unit
sage, included in the message represented by the se-

a first sending means for sending said bit patterns that quence number (N(R)).

indicate the state of the 1/B field to said message 4. The system according to claim 3, wherein said
sender; 45 message receiver further comprises:

a) signal means for periodically providing to the mes-
sage sender a signal indicative of the condition in
which each data unit has reached the message re-
ceiver so as to indicate whether or not the message

the message sender is correctly received by the s5q signal has been reliably received by the message

message receiver, and providing information re- receiver; and

garding the state of said fields (I/B, R/N) for each said message sender further comprises:

of the data units; and b) means for controiling the retransmission means to
a second sending means for sending a bit pattern that perform the retransmission, in accordance with the

indicates the states of the R/N field to said message 55 signal indicative of the condition of each data unit

sender, said (R/N) field being made to have a bit
pattern that indicates a reception (R) sate where a
data unit of a message sent from said message

provided by said signal means periodically to the
message sender.
5. A digital radio communication system for transfer-

sender has been received correctly at said message
receiver, and to have a bit pattern that indicates a 60
non-reception (N) state where a data unit of a mes-
sage sent from said message sender has been re-

ring messages between a terminal device and a central
device, with one of said central and terminal devices
serving as a message-transmitting station and the other
as a message receiving station,

ceived incorrectly at said message receiver;

said message sender including:

a first sending means for sending data representing
the number W of data units constituting a mes-
sage signal by adding the data to the message
signal;

65

said message-transmitting station comprising:
means for providing the following information (a)
to (e) to be transmitted as a message in a frame
forming circuit:
(a) a message sequence number field as part of
the message for identifying a particular mes-
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sage where a plurality of messages are trans-
ferred;

(b) 2 data unit number field as part of the message
for identifying data units where one message is
transformed while being divided into a plural-
ity of data units;

(c) a signal type field as part of the message for
identifying the type of a message;

(d) an address field as part of the message for

- identifying a transfer destination terminal; and

(¢) a field as part of the message for indicating
the number of data units constituting the en-
tirety of the message; .

means for dividing the entirety of a message, which
contains area added by said providing means,
into data units of predetermined length;

means for executing error detection and error cor-
rection encoding for each of the data units;

means for transmitting a data unit for which the
error detection and correction encoding have
been executed;

means for storing contents of each data unit, so as
to allow retransmission of each data unit in re-
sponse to a retransmission request made by the
message-receiving station; and

means for retransmitting only that data unit which
corresponds to a data unit number designated by
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a retransmission request signal supplied from the
message receiving station,

said message-receiving station comprising:
means for demodulating a data unit transmitted

from the message-transmitting station and exe-
cuting error correction and error decoding and
detection;.

means for receiving information W indicating how

many data units are used in a message to be trans-
mitted, comparing the number of data units re-
ceived with W, and determining that the entire
message has been received, where W equals the
number of data units received, and for informing
the message-transmitting station of the comple-
tion of message reception when all data units
constituting a message have been correctly re-
ceived; and

means for receiving information W indicating how

many data units are used in a message to be trans-
mitted, comprising the number of data units re-
ceived with W, and for requesting retransmission
of data units, where W is larger than the number
of data units received and a data unit not re-
ceived or incorrectly received has been detected,
by informing the message-transmitting station of
data unit number corresponding to the data unit

not received or incorrectly received.
* * * * *



